M oderate or severe neonatal hypoxic-ischemic encephalopathy is associated with a high incidence of death or motor and sensory disability in children. [1] [2] [3] [4] [5] Children with encephalopathy are at risk for cognitive deficits even in the absence of functional deficits. Survivors without disability have delayed entry into primary school and fine-motor dysfunction and behavioral abnormalities.
Hypothermia to 33 to 34°C for 72 hours, when initiated within 6 hours after birth among infants of more than 35 weeks' gestational age with hypoxic-ischemic encephalopathy, has been shown to reduce the risk of death or disability and increase the rate of survival free of disability at 18 to 24 months of age. [6] [7] [8] [9] [10] [11] [12] In the earlier report of our randomized, controlled trial of whole-body hypothermia for neonatal hypoxic-ischemic encephalopathy, 7 the rate of death or moderate or severe disability at 18 to 22 months of age was 62% in the control group versus 44% in the hypothermia group (P = 0.01), with mortality of 37% and 24%, respectively (P = 0.08). As compared with the control group, there was no significant increase in major disability among survivors in the hypothermia group; the rates of moderate or severe cerebral palsy were 30% in the control group versus 19% in the hypothermia group, with corresponding rates of blindness of 14% versus 7% and hearing impairment of 6% versus 4%. However, longer-term data have not been available to assess whether the benefits of hypothermia for neonatal hypoxic-ischemic encephalopathy persist after 2 years of age.
We designed the present study to assess rates of death, cognitive impairment, and other neurodevelopmental and behavioral outcomes associated with whole-body hypothermia at 6 to 7 years of age, at which time outcomes of neonatal interventions are believed to be more definitive.
Me thods

Study Conduct
Data were collected at participating sites of the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) Neonatal Research Network (NRN) and were transmitted to the Research Triangle Institute, the data coordinating center for the NRN, which stored, managed, and analyzed the data for this study. The principal investigators at the participating sites (see the Supplementary Appendix, available with the full text of this article at NEJM.org) are responsible for the integrity of the data, and the data center is responsible for the accuracy of the data analysis. The first author wrote the manuscript, with input from a subcommittee of the authors. The other authors reviewed the manuscript and provided input. All the authors made the decision to submit the manuscript for publication.
Study Design
Participants were recruited between July 2000 and May 2003. Infants were eligible if they had either moderate or severe encephalopathy within 6 hours after birth, with severe acidosis or resuscitation at birth after an acute perinatal event. Infants were randomly assigned either to undergo whole-body hypothermia at 33.5°C for 72 hours or to usual care. All surviving children were evaluated at 6 to 7 years of age; the families of those who did not return for follow-up were contacted by telephone to obtain information about the primary outcome. The protocol, available at NEJM.org, was approved by the institutional review board at each site, and written informed consent was obtained from the parents of all trial participants.
Study Outcomes
A training session for research personnel was held to standardize all study procedures. The primary outcome of this study was death or an IQ score below 70 at 6 to 7 years of age. The secondary outcomes included death or severe disability, components of disability, motor function, higher cognitive function, severe cognitive delay, and psychosocial health.
Cerebral palsy was classified on the basis of the Surveillance of Cerebral Palsy in Europe (SCPE) Network decision tree. 13 Functional activity was graded according to the Gross Motor Function Classification System 14 (GMFCS) levels: I, walking without restriction; II, walking without an assistive mobility device; III, walking with an assistive device; IV, self-mobility with limitations; and V, severe limitation of mobility.
IQ scores were measured with the use of the Wechsler Preschool and Primary Scale of Intelligence III in the 96 children at or under 7 years 3 months of age and the Wechsler Intelligence Scale for Children IV in the 18 older children. These two tests address verbal comprehension, perceptual organization, and processing speed, yielding verbal and performance IQ scores that are combined to give a full-scale IQ score; a mean (±SD) score of 100±15 is normal. Higher cognitive function (i.e., attention and executive function and visuospatial processing) were evaluated by means of the Developmental Neuropsychological Assessment (NEPSY), on which a score of 100±15 is normal. The Child Health Questionnaire, which has good psychometric properties for children with and those without cerebral palsy, 15 was completed by the parents to evaluate the physical, emotional, and social well-being of the study children and to assess the effect of the child's health on the parents. All IQ and psychometric assessments were performed by examiners unaware of the assignment status of the children.
Severe disability was defined as an IQ score more than 3 SD below the mean score (i.e., <55), a GMFCS level of IV or V, or bilateral blindness. Moderate disability was defined as an IQ score 2 to 3 SD below the mean score (i.e., 55 to 69), a GMFCS level of III, bilateral deafness (with or without amplification), or refractory epilepsy (defined as clinical or electroencephalographic seizure disorder requiring anticonvulsant therapy). Mild disability was defined as an IQ score 1 to 2 SD below the mean score (i.e., 70 to 84) or a GMFCS level of I or II. No disability was defined as an IQ score of more than 84 (i.e., >1 SD below the mean) with no cerebral palsy, hearing or visual deficits, or epilepsy. Among nondisabled survivors, the detailed neurologic examination assessed everyday motor function (ability to walk), complex motor function (heel-to-toe test, ability to hop and stand on one foot, or Romberg's test), and finemotor-function tests of coordination (including finger-to-nose test, rapid alternation of hands, thumb-index finger apposition, thumb-four fingers apposition sequentially, heel-to-shin test, and foot tapping).
Statistical Analysis
The baseline characteristics at the time of randomization were compared between the children for whom data were and those for whom data were not available for the primary outcome at 6 to 7 years of age. The primary and secondary outcome data were analyzed for differences between the two groups, including the use of robust Poisson regression to produce relative risk estimates for treatment effect with adjustment according to center. The primary outcome was also examined after adjustment for severity of encephalopathy at baseline in addition to center. Multinomial cumulative logistic regression was used to produce adjusted P values for ordinal outcomes: level of disability among survivors, physical health scores, and scores reflecting emotional impact on parents. Some secondary outcomes could not be adjusted according to center because of their low prevalence. These unadjusted results were analyzed by means of robust Poisson regression or Fisher's exact test for categorical variables (motor-function scores among nondisabled survivors) and Cochran-Armitage trend tests for ordinal variables (child's self-esteem level).
All reported P values are two-sided and were not adjusted for multiple comparisons. The concordance between the degree of disability at 18 to 22 months and 6 to 7 years was assessed with the use of analyses of sensitivity, specificity, and positive and negative predictive values.
R e sult s
Study Participants
Our study involved 208 infants with moderate or severe encephalopathy who were randomly assigned at less than 6 hours of age to undergo hypothermia (102 infants) or usual care (106 infants). The follow-up visits at 6 to 7 years of age were conducted between August 2006 and August 2010. The median age at follow-up was 6.7 years in the hypothermia group and 6.8 years in the control group.
Primary outcome data were available for 190 of the 208 children (91%) enrolled in the trial: 97 of the 102 (95%) in the hypothermia group and 93 of the 106 (88%) in the control group (Fig. 1) . A total of 27 children in the hypothermia group and 41 in the control group died before reaching the 6-to-7-year visit; 3 in each group had died after the 18-month visit. Five children in the hypothermia group were lost to follow-up (2 with moderate and 2 with severe hypoxic-ischemic encephalopathy, as well as 1 with seizures without a neurologic examination), as were 13 children in the control group (12 with moderate hypoxicischemic encephalopathy and 1 with severe hypoxic-ischemic encephalopathy).
The baseline characteristics of the 190 children with primary outcome data were similar to those of the 18 without primary outcome data ( Table 1 in the Supplementary Appendix), except that mothers of children with primary outcome data were more likely to be white (37% vs. 11%) and married (59% vs. 29%, P = 0.02) and, at birth, the children were more likely to have a lower umbilical cord pH (6.8±0.2 vs. 7.0±0.2, P = 0.05). Likewise, the baseline characteristics were similar between the 97 children in the hypothermia group and the 93 in the control group with primary outcome data, except that the frequency of maternal antepartum hemorrhage was lower in the hypothermia group (9% vs. 20%, P = 0.04) ( Table 1) .
Study Outcomes
The primary outcome of death or an IQ score below 70 at 6 to 7 years of age occurred in 46 of the 97 children (47%) in the hypothermia group and 58 of the 93 (62%) in the control group (relative risk after adjustment according to center, 0.78; 95% confidence interval [CI], 0.61 to 1.01) ( Table 2 . The rates of the secondary composite outcomes of death or severe disability and of death or cerebral palsy were significantly lower in the hypothermia group than in the control group. Among survivors at 6 to 7 years, in the hypothermia group and control group, the rates of cerebral palsy were 17% and 29%, respectively, the rates of blindness were 1% and 4%, and the rates of hearing impairment (requiring aids) were 5% and 2% (unadjusted P value for all comparisons, >0.05). The proportion of children with attention and executive function scores or visuospatial scores below 70 also did not differ significantly between the two groups.
There were no significant between-group differences in the level of disability among all survivors or in motor function among the 49 nondisabled children. There were also no significant differences in parental assessments of the child's health or self-esteem between the two groups or in ratings * Plus-minus values are means ±SD. Percentages are based on the numbers of mothers or children for whom data were available. Baseline characteristics did not differ significantly between the groups, except as noted. † Maternal race was self-reported. ‡ Data were missing for 24 mothers in the hypothermia group and 27 in the control group. § P = 0.04. ¶ Data were missing for 1 infant in the control group. ‖ The Apgar score at 5 minutes was missing for 1 infant in the hypothermia group; the Apgar score at 10 minutes was missing for 7 infants in the hypothermia group and 9 in the control group. ** Data were missing for 7 infants in the hypothermia group and 11 in the control group. T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 366;22 nejm.org may 31, 2012
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of the emotional impact of the child's well-being on the parents ( Table 2 in the Supplementary Appendix).
Among children who had moderate or severe disability at 18 months, the corresponding rates at 6 to 7 years of age were 88% in the hypothermia group and 95% in the control group. All the children who had moderate-to-severe cerebral palsy at 18 months continued to be affected at 6 to 7 years in both groups. Details of the concordance of outcomes at 18 to 22 months and 6 to 7 years are shown in Table 3 in the Supplementary Appendix.
Discussion
We previously reported beneficial outcomes from treatment with hypothermia for neonatal hypox- * For IQ scores, the Spanish version of the Wechsler Intelligence Scale for Children IV was administered to 3 of the 18 children assessed by means of this tool. The P value for level of disability among survivors was calculated with the use of multinomial cumulative logistic regression with adjustment for center. The P value for motor-skill abnormalities was calculated with the use of Fisher's exact test. † Results for relative risk were not adjusted for center. ‡ In the hypothermia group, there were 24 deaths before and 3 after 18 months, and in the control group, 38 deaths before and 3 after 18 months.
The ic-ischemic encephalopathy at 18 to 22 months of age, including significant reductions in the rate of combined outcome of death or moderate or severe disability. 7 Other trials of whole-body or head-only cooling with whole-body hypothermia for neonatal encephalopathy have shown beneficial outcomes of hypothermia at 18 to 24 months of age in the entire study cohorts [10] [11] [12] and in selected subgroups. 6, 9 In the present study assessing children at 6 to 7 years of age, the difference in rates of the composite outcome of death or an IQ score below 70 between hypothermia and usual care did not achieve statistical significance (P = 0.06); however, the previous finding of reduced mortality with hypothermia was maintained, with no appreciable increase in the risk of neurodevelopmental deficits among survivors. These results are reassuring since hypothermia is being used extensively around the world and currently is recommended by health care policymakers. 16 The main limitation of our study is that it was not powered to evaluate secondary outcomes such as individual components of disability, cognitive and motor outcomes, and overall physical and psychosocial health. We cannot rule out the possibility of effects on the results of loss to followup, as there were some differences in the baseline characteristics of the group with and the group without primary outcome data. However, primary outcome data were available for most participants in both groups.
The majority of follow-up studies of children with birth asphyxia were published before intervention with hypothermia. 1-5 Disability at 5 years of age was reported in 6 to 21% of children with moderate encephalopathy after acute perinatal asphyxia and in 42 to 100% of those with severe encephalopathy. Nondisabled children have delays in reading, spelling, arithmetic and language, memory, and sensorimotor perception scores, 2,3 as well as increased rates of attention deficit-hyperactivity disorder. 18 In the present study, we examined both gross and fine-motor outcomes to evaluate subtle benefits of hypothermia. We found a nonsignificant decrease (from 29% to 17%) in the rate of moderate or severe cerebral palsy in the hypothermia group as compared with the control group. We did not find a decrease in the risk of abnormalities in motor function among the nondisabled children in the hypothermia group as compared with those in the control group.
In a previous study assessing the relationship between early and later childhood neurologic assessments, the sensitivity of the 1-year evaluation in predicting the 5-year neurologic outcome was 96%, and the sensitivity of the Mental Developmental Index of the Bayley Scales of Infant Development to predict the IQ score was 87%. 5 We likewise found a high concordance between assessment of moderate-to-severe disability at 18 to 22 months of age and similar assessment at 6 to 7 years of age.
Children with cerebral palsy have markedly poor health; however, the psychosocial health of children and the emotional impact of the child's health on the parents tend to be similar regardless of the level of disability. 19 We found only nonsignificant differences between the hypothermia group and the control group in the frequency of parental ratings of the child's health as excellent or very good and of their ratings of concern about the child's emotional well-being or behavior.
The significant difference in the rate of the primary outcome between the hypothermia group and the control group seen at 18 to 22 months of age in our previous report 7 and the borderline significant difference in the rate of this outcome at 6 to 7 years of age in our current report were largely driven by deaths, with the majority occurring within the first 18 months of life. Two other trials 10, 11 have shown a reduction in mortality among infants 18 to 22 months of age undergoing hypothermia as compared with usual care. A concern with any therapy that reduces mortality among infants at high risk of death and disability is the possibility of an increase in the number of children who survive with disabilities. As reported here, there was no evidence of increased rates of an IQ score below 70, severe disability, or cerebral palsy at 6 to 7 years of age among surviving children treated with hypothermia; in our previous report, the frequency of ad- verse events was similar in the hypothermia and control groups both during the 72-hour study intervention period and during the neonatal-hospitalization period. 7 In summary, whole-body hypothermia did not significantly reduce the rate of a composite end point of death or an IQ score below 70 at 6 to 7 years of age. However, whole-body hypothermia did reduce the rate of death and did not increase the rates of a low IQ score or severe disability among survivors. These data extend our previous support for the use of hypothermia in term and near-term infants with hypoxic-ischemic encephalopathy.
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